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Introduction: Typically, frequency domain schemes, such as DWT based watermarking have shown that they have much more robustness and invisibility than others [1] , [2] , [3] . To preserve watermark perceptually invisible, some of the algorithms are designed to embed watermark in the lower level subband [2] . The higher level the subband the watermark is embedded in, the higher degradation is the image quality (usually expressed in the peak signal-to-noise ratio (PSNR)). On the other hand, embedding watermark in the higher level subband makes it robust to high compression. In this paper, we propose the watermarking scheme based on two-dimensional discrete wavelet transform using human visual system (HVS). To make watermark robust we embed the watermark in the higher level subband (but not in the scaling coefficients), even though it may affect the perceptual invisibility 2 of the image. By carefully embedding the watermark, it will not cause much change in the image fidelity. The HVS is employed to achieve this purpose. To evaluate the proposed method, we compare the robustness of the proposed approach with the JPEG and SPIHT algorithms.
Watermarking embedding scheme: A block diagram of our image adaptive perceptual watermarking scheme is illustrated in Fig. 1 . We first decompose the original image into 4 levels using quadrature mirror filter (QMF) wavelet transform. Let ?
. To maximize the appropriate perceptual masking, the weighting function, ? ? y x T , , explained in the next paragraph is calculated.
Then, the watermark casting process is performed using (1) (6) where X is the original watermark and watermark X ? is a sequence extracted from the suspected image. A normalization term, 2 X ? , is calculated as square root of summation of X ? .As described in [4] , ? ?
is distributed according to the normal distribution with zero mean unit variance N(0,1). If its value is greater than 6 (which means six standard deviations), the probability of wrong watermark detection is very small.
Results:
We evaluated the proposed watermarking scheme, by testing with several 512x512 still images. To analyze the effect of watermark on the image, we separately embedded watermark sequence and considered its results in each level of DWT resolutions (levels 1 to 3). Based on the results of Lena test image, the PSNR of watermarked image (embedded in levels 1, 2 and 3) are 40.06 dB, 45.27 dB and 50.01 dB, respectively. Surprisingly, the degradation of watermarked image embedded in level three is better than the other levels.
To confirm the performance of our algorithm, we compared our data with the algorithm proposed in [5] . We used the (embedded in level-3 only) watermarked image having the same PSNR (47 dB). As shown in Fig. 2 , the response of watermark detector in our case is higher than that in [5] when JPEG quality factor is above 10%. Embedding the watermark in the higher level subband using our proposed algorithm, especially in level three, performs well compared to JPEG compression. We have found that our watermark can survive even when quality factor is as low as 5%. In Table 1 , we illustrate the detector response of watermark (in Lena image) in the wavelet based codec environment; SPIHT [7] . Our algorithm is more robust compared to the SPIHT compression for bit rate above 0.1 bpp.
Conclusions: An algorithm for image adaptive watermarking using the quantization step of individual DWT coefficients is proposed. The visual model takes into account background luminance, frequency sensitivity, and multiresolution structure. This algorithm helps us to place watermark in a higher level subband with an appropriate energy resulting in watermarked image that has more invisibility but still robust. We also have shown that the 
